Fixed-Cone valves are often used to dissipate energy and regulate flow at the low level outlet works of dams. Fixed-Cone valves, also known as Howell-Bunger valves, create an expanding conical jet allowing the energy of the water to dissipate over a large area. However, in many applications constructing the large stilling basin necessary for these valves is either not possible or not feasible. In order to reduce the relative size of the stilling basin, hoods or concrete containment structures have been used in conjunction with Fixed-Cone valves. This paper compares two methods of energy dissipation used in conjunction with concrete containment structures. The first method of energy dissipation is the use of baffles, and the second is a deflector ring with end sill. In order to determine which type of energy dissipation method was most effective for this particular application, measurements and observations were taken in order to compare the amount of energy dissipated by the structure and the Fixed-Cone valve, the air demand of the structure, the velocities downstream of the structure, and flow stability downstream of the iii structure. This information will be useful to engineers allowing them to minimize scour and erosion associated with concrete containment structures.
The Howell-Bunger valve was originally introduced by C.H. Howell and H.P.
Bunger in 1935. The valve consists of a conical section that is fixed in the end of the valve with a telescoping sleeve that regulates flow. The valve causes the water exiting to expand out radially creating a conical spray. It is common for the water exiting the valve to exit at either 45 or 60 degrees measured from an axis that extends perpendicular to the pipe. These valves are commonly used to dissipate energy through dispersion and regulate flow exiting the outlet works of dams having medium (35 ft -165 ft) to high (>165 ft) heads. The Fixed-Cone valve is not only an excellent energy dissipater, it is also is an excellent way to aerate water discharged from impoundments. This is primarily due to the fact that the water exiting a Fixed-Cone valve expands out in every direction thus allowing a large flow surface to be in contact with the atmosphere [1] .
Although Fixed-Cone valves are fairly effective at dissipating energy, they still require large stilling basins to receive the conical jet exiting the valve and to reduce the amount of energy in the flow even further. In many applications a large stilling basin is either not possible or not feasible. Hoods are sometimes used in conjunction with FixedCone valves to reduce the size and alter the shape of the stilling basin. The concentrated hallow jet exiting requires a long, narrow stilling basin. In order to significantly reduce the size of stilling basin required the hood can be lined with small teeth-like projections or baffles. This combination of a Fixed-Cone valve and a baffled hood are capable of dissipating up to 95 percent of the power upstream from the valve [2] .
Another option to reduce the size of the stilling basin downstream from a FixedCone valve is to build a concrete containment structure to receive the discharge. There are many different designs of concrete containment structures, which differ both in geometry and cross-sectional shape. Many of the containment structures that have been modeled and build have used deflector rings and an end sill as the primary method of energy dissipation. The basic theory behind this method of energy dissipation is twofold. First, the deflector ring is meant to redirect the water jet from the Fixed-Cone valve back into itself. Second, the end sill creates a small stilling basin which allows for considerable energy dissipation. There has been little or no research comparing the effectiveness of these different designs or even to optimize a specific design. Most research in this area has involved constructing small scale models to ensure that the designs will dissipate a sufficient amount of energy.
The purpose of this research is not to complete exhaustive experimentation to determine most effective design of concrete containment structure, but rather to compare two methods of energy dissipation and to provide insight to improve the design of future structures. The methods of energy dissipation that were compared are; the common 3 method of deflector ring and end sill and the use of teeth-like baffles that proved so effective in energy dissipation when incorporated into baffled hoods. It is hoped that this paper will be useful to professionals in the design of future concrete containment structures.
LITERATURE REVIEW
Beichley (1966) [5] conducted a hydraulic model study of the Portage mountain low level outlet works. This design consisted of two Fixed-Cone valves discharging into the same channel which had a circular cross-section. The models that were studied included a deflector ring and had various configurations of baffle piers on the bottom and a weir at the end of the channel. The final recommended design only incorporated the deflector ring, which adequately dissipated energy for the desired range of flows and heads.
Beichley (1970) [6] also carried out model studies of an energy dissipater for a Fixed-Cone valve at the Ute Dam outlet works and (1972) [1] of Scoggins Dam fish trap aeration and supply structure. In both models a deflector ring was used as the primary method of energy dissipation. Both models also include diverging ceilings, walls, and floors to prevent submergence of the valve. Pier baffles were also used in both models to spread the jet and dissipate energy. Colgate (1974) [4] performed a model study for the proposed design of the lowlevel outlet works of the LG-2 development in Quebec, Canada. It was determined that the location of the deflector ring was too far upstream and was moved 8 feet downstream.
This model included two rows of large baffle piers in the original design as opposed to the traditional end sill, but it was determined by the author that only one row of small baffles was necessary to prevent sweep out at low flow conditions. It was advised that the section upstream from the deflector ring, the deflector ring, and the floor baffles be lined with steel to prevent erosion.
Helper and Peck (1989) [3] constructed a model study to investigate the hydraulic performance of a design for concrete containment structures associated with Fixed-Cone valves. The design that they used was similar to three structures that have been built by the Bureau of Reclamation including: Stony Gorge Dam (California), Jordanelle Dam (Utah), and New Waddell Dam (Arizona). It was concluded that the structure performed well through the range of operating conditions. Pressure taps were installed along the roof, sides and bottom of the containment structure, pressure at these locations was less than that expected using momentum. Momentum principles dictate that the force on the walls of the containment structure be proportional to the density of water, the flow rate, and the velocity normal to the surface. It was proposed that the measured values were less than the calculated values due to the fact that the pressure taps were often not located in the center of the jet, where the force would be expected to be a maximum. Johnson and Dham (2006) [2] completed experiments to determine the effectiveness of teeth-like baffles installed in Fixed-Cone valve hoods as power dissipaters. Fourteen different configurations of baffles were tested. The optimal design in combination with the Fixed-Cone valve was able to dissipate 92 percent of the power available upstream compared to only 42 percent power dissipated by the Fixed-Cone valve and the hood alone. The addition of baffles did increase the amount of backsplash that was exiting the valve through the annular space between the valve and hood.
However, it was determined that by reducing the size of this annular space that backsplash could be completely eliminated. The addition of the baffles was found to 6 have no effect on the amount of air required for the hood and no reduction in flow capacity through the hood. This original design using a baffled hood allows for a considerable reduction in the size of stilling basin associated with it. Fixed-Cone Valves discharging into a common chamber of oval cross-section with a deflector ring followed by a row of floor baffles [4] . The Portage Mountain Dam structure has a circular cross-section, but in all other regards is the same as the LG-2 structure [5] . The Ute dam has a chamber cross-section that is octagonal, followed by the deflector ring and an end sill instead of the floor baffles [6] . The other dams listed have containment structures with rectangular cross-sections deflector rings and end sills [4] .
Improving Concrete Containment Structures

Experiments
A study was conducted at Utah State University at the Utah Water Research Laboratory (UWRL) to determine if there was a more effective and economical containment structure that could be used with Fixed-Cone valves. A fixed cone valve having 7.8-inch fixed cone diameter and an exit angle of 45 degrees was used for these tests. Six different models were constructed and compared for this study. Figure 1 shows the two different containment structure cross-sections (with their respective dimensions) used for this research, with the dimensions standardized in terms of valve diameter (D). Each crosssection had three configurations that were tested. The first configuration used a deflector ring and an end sill. Figure 2 shows the profile and plan views of the standard containment structure configuration described previously with deflector ring and end sill.
The other two configurations used the baffles shown in Figure 3 instead of the deflector ring and end sill, the only difference being that the last two rows of baffles shown in Figure 4 were removed for the third configuration. Once again, note that all dimensions were normalized in terms of the valve diameter in order to easily apply them to any desired prototype. Plywood painted with a latex paint was the construction material used to simulate the concrete containment structures, the deflector ring and the end sill while
Plexiglas was used to make the baffles. The six models were run through four different The amount of energy dissipated ( ) is given as a percentage of the initial energy head ( ) minus the final energy head ( ) over the initial head (1).
The energy head calculation for this experiment employed the following form of the Bernoulli equation (2): (2) Where H is the total head, P is the pipe pressure at the inlet of the Howell-Bunger valve, γ is the specific weight of water, Z is the elevation of the water above datum, g is the acceleration due to gravity, and V is the average velocity. The elevation datum for the water was taken as the bottom of the containment structure. The initial head was calculated from measurements made upstream of the Howell-Bunger valve using a precision pressure gage to measure the pipe pressure and a calibrated magnetic flow meter to measure the flow rate. The final head was calculated using the same flow rate found upstream of the Howell-Bunger valve and a channel depth. The downstream water depth was taken as the average of three depths (at 0.25, 0.5, and 0.75 the width of the channel) which were measured using a point gauge downstream from the containment structure. Measurements were also taken for the geometry of the different containment structures (cross-section 1 or cross-section 2), the percent valve opening, and the velocity of air entering though the aeration hatch.
Results
It was originally planned to record a baseline dissipation measurement using crosssection 1 without any of the energy dissipation structures installed. However, the water exiting the structure was moving at a high rate of velocity and was far too turbulent to get any valid readings. This visually confirmed the fact that simply changing the direction of the jet from a Fixed-Cone valve does little as far as power (energy) dissipation is concerned [2] .
The two models with four rows of floor baffles allowed for the greatest uniformity and stability in the flow pattern in the downstream channel. The configurations with the end sills always had a hydraulic jump in the channel though the location changed based on flow, and even then the jumps tended to shift locations. The hydraulic jumps formed because as flow exits the structure it is accelerated off the end sill. Figure This assumption is made because the containment structures are vented to the atmosphere therefore the water pressure as the water jet leaves the valve is zero. The Froude number of the jet, , is calculated using equation 3 where h is the summation of the pressure head and the velocity head upstream from the valve, g is the acceleration due to gravity and t is the thickness of the jet.
The thickness of the jet, t, was computed using equations 4 and 5:
Where Q is the flow going through the valve, is the theoretical area of the jet, R is the radius of the cone at the outlet and all other variables are as previously defined. energy is a good indicator of whether or not significant damage will occur, it is more important to know the state that the energy is in. In this case energy in the form of velocity is undesired while energy in the form of elevation head has no negative impact.
It has been estimated that roughly 70% of all damage to hydraulic structures is attributed to erosion through high-velocity water flow [7] .
Due to the fact that high velocities create considerable destruction and erosion a steel lining is advised. A steel lining is of utmost importance where the water jet exiting a In order to maintain consistent energy measurements in the downstream channel it was planned to measure the depth at three locations across the cross-section (close to each side and in the center) at a specific location of 8.8D downstream from the end of the containment structure. For most of the configurations and test parameters this location was acceptable, however in some instances a hydraulic jump formed in the channel directly below this measurement point. In these cases the measurement point was either moved to an alternate point located at either 4.1D or 11.8D from the end of the containment structure. Actual measurements taken can be found in appendix A and those measurements moved upstream to 4.1D are shaded and the measurements moved downstream to 11.8D are typed in bold lettering. When hydraulic jumps did form their location was often unstable and likely formed due to the bend in the channel located 15.3D downstream from the end of the containment structure. As the channel was quite short and therefore very little energy was lost flowing between the two extreme points of measurement all measurements and calculated energies were considered to occur at the same location, neglecting all head loss in the channel.
Due to the fact that hydraulic jumps are an excellent method to dissipate energy it was important to determine if the resultant jump was due to the containment structure or if it was initiated because of downstream conditions. If the jump formed within 2D of the containment structure it was considered as part of the dissipation structure if it occurred downstream of this point energy dissipated by the jump was not included in the dissipation calculations. Though energy is not conserved across hydraulic jumps momentum is as shown in equation 6 below. Equation 7 demonstrates how momentum was calculated.
is the initial momentum (before jump), is the final momentum (after jump), M is the momentum, A is the area, is the height of the centroid of the cross-section, Q is the flow rate, and g is acceleration of gravity. Note that for a given flow rate there are two depths of flow that carry the same momentum unless the depth is critical depth in which case a hydraulic jump will not form. These two depths that have the same amount of momentum are called conjugate depths. In cases where the depth measurement was taken downstream from the hydraulic jump the momentum equation was used to back calculate the conjugate depth. In these cases it was the conjugate depth that was used to calculate the final energy and thus the amount of energy dissipated. If the conjugate depth was used it is noted in appendix A underlining both the energy calculation and the average depth calculation Though energy dissipation was originally the main focus of this study as the primary indicator of the effectiveness of these structures, as in previous experimentation, it became apparent that the downstream water velocities and flow patterns are of even greater importance. Most energy dissipation structures at the low level outlet works are built to minimize scour and damage downstream, while energy dissipation is simply a measure of effectiveness. Though energy is a good indicator of whether or not significant damage will occur, it is more important to know the state that the energy is in.
In this case energy in the form of velocity is undesired while energy in the form of elevation head has no negative impact.
It has been estimated that roughly 70% of all damage to hydraulic structures is attributed to erosion through high-velocity water flow [7] . Due to the fact that high velocities create considerable erosion a steel lining is advised. A steel lining is of utmost importance where the water jet exiting a Fixed-Cone valve strikes the walls and the baffles. These are the points where the direction of the water is most altered and water does not change direction easily. Energy in the form of tail water elevation does not cause any damage unless the water elevation at a given point drops quite rapidly, not allowing the pressure in the underlying soil to equalize which can cause uplift of the concrete. This problem is more a function of downstream flow stability than it is of tail water depth. This is another reason that the baffle configuration with the extra two rows of baffles was the preferred design; because the hydraulic jump always occurred over the last two rows of baffles the downstream flow pattern was always stable and uniform.
to those interested in designing more efficient Fixed-Cone valve containment structures.
Italicized numbers indicate actual measurements.
Run numbers defined:
 The first number represents the cross-section: 
